Introduction {#sec1-1}
============

Myasthenic crisis (MC), traditionally defined as myasthenic weakness leading to respiratory failure requiring intubation and mechanical ventilation is a potentially life-threatening complication that affects about 15-20% of all patients with generalized autoimmune myasthenia gravis (MG).\[[@ref1]--[@ref3]\] It is a life-threatening medical emergency requiring early diagnosis and respiratory assistance. Mortality in MC has improved considerably largely due to improvement in respiratory care and intensive care unit management.\[[@ref3]--[@ref5]\]

The widespread use of immunotherapy, such as plasmapheresis and intravenous immunoglobulin has substantially altered the management of MC.\[[@ref3]--[@ref5]\] Our current understanding of the clinical course, complications, and outcome of MC is based chiefly on reports of patients treated in the 1970s and early 1980s\[[@ref4][@ref6]--[@ref9]\] and retrospective case series reported after the 1990's.\[[@ref3][@ref10][@ref11]--[@ref13]\] However, few prospective studies of MC are available.\[[@ref3][@ref11][@ref14]\] In this prospective study of MC patients, various factors leading to MC and influencing the course during hospital stay and final outcome were studied.

Materials and Methods {#sec1-2}
=====================

All consecutive patients of MG who presented with myasthenic crisis between July 2009 and December 2010 were included. Inclusion criteria included (a) patients of MG diagnosed clinically and confirmed by at least one of the following tests: Response to neostigmine, presence of acetylcholine receptor (AChR) antibodies and repetitive nerve stimulation and (b) presence of MC defined as respiratory failure requiring intubation and mechanical ventilation. Myasthenic patients intubated for respiratory failure due to severe congestive heart failure, acute respiratory distress syndrome (ARDS), and hypoxic-ischemic coma were excluded. All MC patients were evaluated with regard to various demographic factors and clinical information like age, sex, duration from onset of MG. Clinical features of crisis including possible precipitating factors and factors associated with functional outcome and mortality were studied.

Statistical analysis {#sec2-1}
--------------------

All quantitative variables were estimated using measures of central location (mean, median), measures of dispersion (standard deviation and standard error) and interquartile range. As sample size was very small, means were compared using Mann-Whitney test. Qualitative or categorical variables were described as frequencies and proportions. Proportions were compared using Chi square or Fisher's exact test, whichever was applicable. All statistical tests were two-sided and performed at a significance level of α = 0.05.

Results {#sec1-3}
=======

Ten patients of MG were admitted with MC during the study period. Baseline characteristics are shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. Mean age of patients was 42.5 years with a range of 14-71 years. Male:Female ratio was 1:2.3. Eight patients were young onset MG (\< 50 years). In young onset MC (\< 50 years) seven out of eight patients (87.5%) were females. In delayed onset MC both patients were males. In young onset myasthenia patients median age was 35.5 years comprising mainly of women, (seven out of eight) and in late onset myasthenia comprising of two males and no females, median age was 70.5 years. Average duration of disease was 4.52 years (median-3 years) with minimum duration of 1 month to maximum of 17 years. For young onset myasthenia patients it was 3.50 years and for old onset patients, it was 8.58 years.

###### 

Demographic profile of patients
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###### 

Clinical characteristics of patients
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Trigger event {#sec2-2}
-------------

Infection was the most common triggering factor accounting for five cases (50%) followed by inadequate treatment/ drug withdrawal in three (30%) and steroid initiation and hypokalemia in the remaining two patients (20%). Among infections respiratory tract infection was the commonest (75%) followed by gastrointestinal infection (25%).

Treatment received {#sec2-3}
------------------

Acetyl cholinesterase inhibitors were stopped in all patients and restarted when weaning was planned. Three patients (30%) received pulsed IV methylprednisolone therapy alone (1 g IV for 5 days) \[[Table 3](#T3){ref-type="table"}\]. Four patients received methylprednisolone pulse and plasma exchange (five cycles over 10 days). One patient received methylprednisolone pulse and intravenous immunoglobulin (IVIG). Two patients did not receive methylprednisolone or plasma exchange/IVIG because of severe sepsis and unstable hemodynamic status. One of these two patients required hemodialysis for renal failure.

###### 

Treatment received and outcome of patients
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Duration of hospital stay {#sec2-4}
-------------------------

Of the 10 patients 4 patients were managed in intensive care unit (ICU) and 6 patients in high dependency unit (HDU) where nurse patient ratio was 6:1 as compared with 1:1 in ICU. Mean duration of ventilatory support was 14.20 days (median-12 days) with range of 3-28 days. Average duration of hospital stay was 21.3 days (median 24 days) with a range of 3-41 days. Ventilator associated pneumonia was seen in four patients. In addition, hospital acquired blood stream infections were seen in three patients.

Outcome {#sec2-5}
-------

Mortality was in 3 out of 10 cases (30%) during MC \[[Table 3](#T3){ref-type="table"}\]. Overall mortality during hospital stay was in 5 out of 10 cases (50%). Seven patients recovered from MC and were weaned off ventilator but two of these died later during hospital stay after being weaned off from ventilator. Patients who received plasma exchange/IVIG had significantly better outcome (*P* = 0.04). There was no statistically significant difference in other parameters (viz., age, sex, duration of MG, trigger event, biochemical parameters, or duration of ventilation) between patients who survived and who succumbed to MC.

Cause of death {#sec2-6}
--------------

Of the three patients who succumbed to MC, one patient had bronchopneumonia and refractory septic shock. Another patient had fulminant diarrhea followed by renal failure and had cardiac arrest during hemodialysis. Third patient had sudden cardiac death probably secondary to cardiac arrhythmia.

Among the two patients who expired after being weaned off ventilator, one had sudden cardiac death due to cardiac arrhythmia. Other patient had thyrotoxicosis and had suffered cardiac arrest while on ventilator; she was revived but had hypoxic ischemic brain injury. She succumbed after being weaned off ventilator.

Discussion {#sec1-4}
==========

MC, defined as respiratory failure requiring ventilatory support, is a potentially life-threatening complication that occurs in approximately 15-20% of patients.\[[@ref7][@ref8][@ref11]\] In this prospective study consecutive patients of MC were included who presented between July 2009 and December 2010.

Demographic profile {#sec2-7}
-------------------

The demographic profile reflects that young onset MC is predominantly a disease of young women in their third and fourth decade where as no female preponderance is seen in late onset myasthenia. This is in agreement with earlier studies where preponderance of female patients has been noted in young MC patients and equal sex distribution in delayed onset myasthenia patients, though overall female predominance was noted.\[[@ref4][@ref7][@ref15]\] The MC therefore has a bimodal age of distribution with an early peak affecting primarily women, and a later peak affecting both sexes equally.

The median interval from onset of myasthenic symptoms to crisis was 3.0 years. Seventy percent experienced the initial crisis within 2 years of disease onset. This data supports the concept that MG is most severe during early 2-3 years. Earlier studies have reported median interval ranging from 8 months to 5-6 years\[[@ref3][@ref4][@ref9]\] with more recent studies reporting shorter interval as compared with earlier ones.\[[@ref12]--[@ref14]\] Improved disease control, with fewer episodes of crisis in patients with longstanding MG, may explain why the interval from onset to first crisis has fallen in recent years.

Clinical features of crisis {#sec2-8}
---------------------------

Ninety percent patients had generalized MG and 10% patients had oculobulbar disease. Median duration of crisis was 12 days and median duration of hospital stay was 24 days. This is in agreement with earlier studies. An uncomplicated MC therefore usually recovers over 2 weeks. Thomas *et al*.\[[@ref3]\] identified three independent predictors of prolonged intubation: Pre-intubation serum bicarbonate 230 mg/dl, peak vital capacity day 1-6 post-intubation \< 25 ml/kg and age \>50 years. The proportion of patients remaining intubated after 14 days was 0% (0/11) with no risk factors, 21% (4/19) with one risk factor, 46% (7/15) with two risk factors, and 88% (7/8) with three risk factors. In the present study due to small sample size the confidence interval was too large to study the statistical significance of various parameters leading to prolonged intubation.

Despite advances in the management of MC and tremendous improvement in the mortality rate the duration of crisis has changed little over past 50 years ever since mechanical ventilation became available. This observation suggests that ventilator support is the most important aspect in the management of MC. Other drug therapies though effective in improving survival have not resulted in further reduction in the duration of crisis.

Precipitants of crisis {#sec2-9}
----------------------

Similar to previous studies\[[@ref3][@ref4][@ref7][@ref9][@ref15]\] infection, especially respiratory tract infection was the most common precipitant of MC accounting for 50% of crisis episodes followed by inadequate treatment/drug withdrawal. Inadequate treatment and drug withdrawal were also a frequent cause of crisis accounting for 3 patients out of 10. A previous Indian study by Panda *et al*.\[[@ref12]\] had also reported drug withdrawal as the frequent trigger of MC in their patients being responsible for crisis in 3 out of 11 patients. This trigger may be as important as infection as a precipitant to MC in developing countries like India due to poor awareness on the part of patients in addition to drug nonaffordability.

Management {#sec2-10}
----------

Ventilator support is the most important component in the management of MC. This requires management of patient in an ICU set up. In a resource limited set up of developing countries it may not be always possible to admit each and every patient in an ICU. In this study also only 4 out of 10 patients could find a place in ICU rest all were managed in HDU. Place of treatment was, however, very important determinant of outcome as all the patients managed in ICU recovered from MC, where 50% patients (3/6) managed in HDU expired. This data emphasizes the role of intensive care as reported in literature where with improved respiratory care alone, including the use of positive pressure ventilation, mortality fell from 43% to 17% from the mid-1950s to 1962 at Mt. Sinai Medical Center and from 42% to 6% from 1960 to 1979 at Columbia-Presbyterian Medical Center.\[[@ref3]\] Despite a dramatic reduction in mortality in the last 50 years, the median duration of intubation for MC (2 weeks) has changed little.

Drug therapy {#sec2-11}
------------

### Plasma exchange and intravenous immune globulin (IVIG) {#sec3-1}

In this study in addition to pulsed IV methylprednisolone, four patients received plasma exchange and one patient received IVIG. All patients who received plasma exchange or IVIG recovered from MC. Since only one patient received IVIG, comparison between plasma exchange and IVIG is not possible due to small sample size. Of the three patients who received pulsed IV methylprednisolone alone, two expired whereas all the four patients who received plasma exchange or IVIG recovered from crisis. Therefore plasma exchange/IVIG does appear superior to methylprednisolone alone. Although the trials do not show a clear difference between IVIG and plasmapheresis in the treatment of MC, there is suggestive evidence and personal clinical experience that plasmapheresis works more quickly than IVIG in seriously ill patients with myasthenia.\[[@ref16]--[@ref18]\]

### Complications during treatment {#sec3-2}

As expected in critically ill patients on life support systems, hospital acquired infection was the commonest complication seen. Ventilator associated pneumonia was seen in four patients (40%) and blood stream infections in two patients (20%). However, cardiac arrhythmias and sudden cardiac death were also seen. Cardiac arrhythmias seen were atrial fibrillation in one patient and narrow complex tachycardia and sinus bradycardia in another patient, this patient was also suffering from thyrotoxicosis. Two other patients had sudden cardiac death possibly due to cardiac arrhythmia. Cardiac involvement in MG has been suggested.\[[@ref19]\] In addition to acetylcholine receptors, heart and skeletal muscles are also speculated to be autoimmune targets in MG.\[[@ref20]\] These are considered antistriational antibodies and include autoantibodies to titin, ryanodine receptor, and muscular voltage-gated potassium channel.\[[@ref21][@ref22]\] Cardiac involvement in MG may take several forms, ranging from asymptomatic ECG changes to ventricular tachycardia, myocarditis, conduction disorders, heart failure, and sudden death.\[[@ref23]\]

### Outcome {#sec3-3}

In this study three patients (30%) succumbed to MC. All these patients were being managed in HDU. All the patients who were managed in ICU recovered from MC. This underscores the importance of intensive care in the management of MC. In addition two more patients who recovered from MC died later during the hospital stay, both of whom had cardiac arrhythmia. Thomas *et al*.\[[@ref3]\] reported a mortality rate of 4% (3/73) in their case series. Other studies have reported estimates of mortality in MG crisis as high as 6-16.7%.\[[@ref3][@ref12][@ref13][@ref24]\] Among the Indian studies Aggarwal *et al*.\[[@ref14]\] reported no mortality in their case series of six patients, Murthy *et al*.\[[@ref13]\] reported 2 deaths (9.5%) in a case series of 21 patients, and Panda *et al*.\[[@ref12]\] reported only 1 death (9%) in their case series of 11 patients. However, all these Indian studies were retrospective case series of patients admitted in ICU. The higher fatality rate seen in this study speaks for the fact that this was a prospective study which included all consecutive patients presenting in the emergency department with MC irrespective of their place of management, for example, ICU or HDU. The present study may be more reflective of the actual ground reality in resource constrained developing countries.

Conclusion {#sec1-5}
==========

Myasthenic crisis has favorable outcome with timely respiratory support and management in ICU. However in resource constrained developing countries with many of the patients of myasthenic crisis still being managed outside ICU setting and prohibitive cost of immunomodulatory therapy, the prognosis of myasthenic crisis over all may not be as favorable. However, larger prospective studies from developing countries are needed to confirm these findings.
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